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1
$n-1$ $S^{n-1}$ $L^{2}(s^{n-1}, \mathrm{C})$ $\mathrm{R}^{n}$




$S^{q}:=\{f(x)\in \mathrm{C}[x_{1}, \cdots, x_{n}]|\deg f=q\}$ , (1.1)
$x=(x_{1}, x_{2}, \cdots, x_{n})\in \mathrm{R}^{n}$ . Laplace :
$\square =-\sum_{i=1}^{n}(\frac{\partial}{\partial x_{i}})^{2}$ : $S^{q}arrow S^{q-2}$ . (1.2)
$q$
$H^{q}$ , kernel .
$H^{q}=\mathrm{k}\mathrm{e}\mathrm{r}\square$ on $S^{q}$ . (1.3)
, $S^{q}=H^{q}\oplus|x|^{2}S^{q-2}$ .
, :
$L^{2}(S^{n-1}, \mathrm{C})\simeq\sum H^{q}q\geq 0^{\cdot}$
(1.4)
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$n-1$ $S^{n-1}$ , $SO(n)/so(n-1)$ Spin$(n)/spin(n-$
1) , $L^{2}(S^{n-1}, \mathrm{C})$ $H^{q}$ Spin $(n)$ ,
Spin $(n)$ .
, $\mathrm{s}(s^{n-1})$ , $\mathrm{C}l(S^{n-}1)$
. , $\mathrm{s}(s^{n-1})$ $\mathrm{C}l(S^{n-1})$ section $\mathrm{R}^{n}$
– .
(global ) .
2 Trivializations of Bundles on $S^{n-1}$
. ,
Spin$(n)$ .
$\mathrm{R}^{n}$ ( ) $\mathrm{C}l_{n}$ , Spin $(n)$




Spin $(n):=\exp\delta \mathfrak{p}i\mathrm{n}(n)\subset \mathrm{C}l_{n}$ (2.2)
. Spin $(n)$ $(Ad_{n}, \mathrm{C}\iota)n$ :
Spin $(n)\cross \mathrm{C}l_{n}\ni(g, \psi)-*Ad_{n}(g)\psi=g\psi_{\mathit{9}}-1\in \mathrm{C}l_{n}$ . (2.3)
, ( ) ,
$\mathrm{C}l_{n}\ni e_{k}e_{k_{2}}1\ldots e_{k}p\vdash+ek_{1}\Lambda e_{k_{2^{\wedge}}\wedge}\ldots ek_{p}\in\sum_{p}\Lambda_{\mathrm{C}}^{p}(\mathrm{R}^{n})$
, (2.4)
, $P$ $\Lambda_{\mathrm{C}}^{p}(\mathrm{R}^{n})$ ( , $n=2m$ $p=m$
$\text{ },$ $\Lambda_{\mathrm{C}}^{m}(\mathrm{R}2m)$ ) . ,
$\mathrm{C}l_{n}$ $(\rho_{n}, W_{n})$ , Spin $(n)$
$(\triangle_{n}, W_{n}):=(\rho_{n}|_{s_{pi(n)}}n, W_{n})$ . $n$ $(n=2m)$
:
$(\triangle_{2m}, \mathrm{M}^{\gamma_{2}}m)\simeq(\triangle_{2m}^{+},$ $W2^{+}m\mathrm{I}\oplus(\Delta 2m-, W_{2^{-}m})$ . (2.5)
$n$ $(n=2m+1)$ $(\triangle_{2m+1}, W2m+1)$ .
, $S^{n-1}$




. Spin$(n-1)$ Spin $(n)$ $\mathrm{R}^{n-1}\subset \mathrm{R}^{n}$




2.1 ([8]). Spin$(n-1)$ , .
1. ( – “ )
$(Ad_{n-1}, \mathrm{C}\iota_{n-1})\simeq(Ad_{n}|_{S\mathrm{p}}in(n-1), \mathrm{C}\iota_{n}i)$ for $i=0,1$ . (2.9)
$\mathrm{C}l_{n}^{i}$ $\mathrm{C}l_{n}$ even-odd :
$\mathrm{C}l_{n}=\mathrm{C}l_{n}^{0}\oplus \mathrm{C}l_{n}^{1}$ . (2.10)
2. ( )
$(\triangle_{2m-1}, W2m-1)\simeq(\triangle_{2m}^{\pm}|spin(2m-1), W2m)\pm$ , (2.11)
$(\triangle_{2m}, W_{2m})\simeq(\triangle 2m+1|s_{\dot{\mathrm{r}}}n(2m), W_{2}m+1)$. (2.12)
– \dagger ‘‘‘ $\mathrm{c}\iota(s^{n}-1)=s_{pn(}in)\mathrm{x}Adn\mathrm{C}lin$
(well-defined ) :
Spin $(n)\mathrm{X}_{Ad_{n}}\mathrm{C}l_{n}i\ni[g, \psi]-i(\pi(g),g\psi g^{-}1)\in S^{n-1}\cross \mathrm{C}l_{n}^{i}$ . (2.13)
section $\Gamma(S^{n-1}, \mathrm{C}\iota(S^{n}-1))$ $C^{\infty}(s^{n-1}, \mathrm{c}\iota i)n\sum_{q}\simeq\geq 0H^{q}\otimes \mathrm{C}l_{n}^{i}$
. Spin $(n)$ $C^{\infty}(s^{n-}1, \mathrm{c}l_{n}^{i})$
Spin $(n)\mathrm{x}C\infty(sn-1, \mathrm{c}l_{n}^{i})\ni(g_{0}, \psi(X))\vdash\Rightarrow g0\psi(g_{0^{1}}^{-}xgo)g0-1\in C^{\infty}(Sn-1, \mathrm{c}l_{n}^{i})$ .
(2.14)
, Spin $(n)$ $\sum H^{q}\otimes \mathrm{C}l_{n}^{i}$ ( )
. , .
22. Spin $(n)$ :
1. ( )
$L^{2}(S^{n-1}, \mathrm{c}l(S^{n}-1))\simeq\sum_{q\geq 0}H^{q}\otimes \mathrm{C}l_{n}^{i}$ for $i=0,1$ . (2.15)
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2. ( )
$L^{2}(s^{2m}, \mathrm{s}(s^{2m}))\simeq\sum_{q\geq 0}\dot{H}^{q}\otimes W_{2m+1}$
, (2.16)
$L^{2}(S^{21}m-, \mathrm{S}(s^{2m}-1))\simeq\sum_{q\geq 0}H^{q}\otimes W_{2m}^{\pm}$
. (2.17)
, section
, $\mathrm{R}^{n}$ $\sum H^{q}\otimes \mathrm{C}1_{n}$
$\sum H^{q}\otimes W_{n}$ . $H^{q}\otimes \mathrm{C}l_{n}$ $H^{q}\otimes W_{n}$
.
3 Spinor-valued harmonic polynomials
. $\mathrm{R}^{n}$
$D$ . Spin $(n)$
. $\sum S^{q}\otimes W_{n}$
$D$
$D= \sum_{k=1}^{n}e_{k^{\frac{\partial}{\partial x_{k}}}}$ : $S^{q}\otimes W_{n}arrow S^{q-1}\otimes W_{n}$ . (3.1)
. $D^{2}=\square$ . $S^{q}\otimes W_{n}$ $D$ kernel $\mathrm{k}\mathrm{e}\mathrm{r}_{q}D\subseteq H^{q}\otimes W_{n}$
.
$\sum S^{q}$
$(f(x),g(x)):=( \sum f_{\alpha}x, \sum\alpha)X^{\beta}=\sum g_{\beta}f\alpha g\beta\partial_{\alpha}x^{\beta}=\sum\alpha!f\alpha g_{\alpha}.\backslash$ (3.2)
$f(x)= \sum f_{\alpha}x^{\alpha}$ $g(x)= \sum g_{\beta}x^{\beta}$ $\sum S^{q}$ .
$W_{n}$ $(e_{k}v, e_{k}w)=(v, w)(e_{k}\in \mathrm{R}^{n})$
. $\sum S^{q}\otimes W_{n}$ $\sum H^{q}\otimes W_{n}$
:
$(D\phi, \phi’)=-(\phi, x\phi’)$ . (3.3)
$x$ – “ $\sum x_{k}e_{k}$ ,
$x= \sum_{k=1}^{n}$ xkek: $S^{q}\otimes W_{n}arrow S^{q+1}\otimes W_{n}$ , (3.4)
. $D$ dual $x$ .
$H^{q}\otimes W_{n}$ , ,
$D$ $x$ .
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3.1. $D_{f}$ f $x$
:
$Dx+xD=-n-2r \frac{\partial}{\partial r}$ , (3.5)
x $-x\square =-2D$ , (3.6)
$Dr \frac{\partial}{\partial r}-$ $r \frac{\partial}{\partial r}D=D$ . (3.7)
$r=|x|$ $r \frac{\partial}{\partial r}=\sum$ xk .
(spinor complex for harmonicpolynomials)
.
$...arrow DH^{q+1}\otimes W_{n}arrow^{D}H^{q}\otimes W_{n}arrow^{D}H^{q-1}\otimes W_{n}arrow D\ldots$ . (3.8)
well-defined .
32([10]). . :
$\dim \mathrm{k}\mathrm{e}\mathrm{r}_{q}D=2^{[\frac{n}{2}]}$ . (3.9)
Proof. $\phi$ $\mathrm{k}\mathrm{e}\mathrm{r}_{q}D$ , $x\phi$ $D(x\phi)=(-n-q)\phi$
(x\mbox{\boldmath $\phi$}) $=0$ .
dimker$qD= \sum_{m=0}^{q}(-1)^{m}\dim H^{qm}-\otimes W_{n}$ . (3.10)
$\dim H^{q}=\frac{(n+q-3)!}{q!(n-2)!}(n+2q-2)$ , (3.11)
$\dim W_{n}=2^{[\frac{n}{2}]}$ , (3.12)
$\mathrm{k}\mathrm{e}\mathrm{r}_{q}D$ . $\blacksquare$
$H^{q}\otimes W_{n}$ $\mathrm{k}\mathrm{e}\mathrm{r}_{q}D\oplus x(\mathrm{k}\mathrm{e}\mathrm{r}D)q-1$
. , .
33([10]). $H^{q}\otimes W_{n}$ $\mathrm{k}\mathrm{e}\mathrm{r}_{q}D$ $x(\mathrm{k}\mathrm{e}\mathrm{r}_{q-1}D)$ :









3.4. $H^{q}\otimes W_{2m}^{\pm}$ $\mathrm{k}\mathrm{e}\mathrm{r}_{q}D^{\pm}$ $x^{\mp}(\mathrm{k}\mathrm{e}\mathrm{r}_{q-1}D^{\mp})$ :
$H^{q}\otimes W_{2m}^{\pm}=\mathrm{k}\mathrm{e}\mathrm{r}_{q}D^{\pm}\oplus x^{\mp}(\mathrm{k}\mathrm{e}\mathrm{r}_{q}-1D^{\mp})$ . (3.16)
$\mathrm{k}\mathrm{e}\mathrm{r}_{q}D^{\pm}$
$\dim \mathrm{k}\mathrm{e}\mathrm{r}_{q}D^{\pm}=2^{7tt}-1$ . (3.17)
4Clifford algebra-valued harmonic polynomials
. 2 $\mathrm{C}l_{n}\simeq$
$\sum\Lambda^{p}$ , $H^{q}\otimes \mathrm{C}l_{n}$ $H_{p}^{q}:=H^{q}\otimes\Lambda^{p}$ ( )
, $\Lambda^{v}-$ $\Lambda_{\mathrm{C}}^{p}(\mathrm{R}^{n})$ .
$\sum\Lambda^{p}$
. :
$e_{k\wedge}$ : $\Lambda^{p}arrow\Lambda^{p+1}$ , (4.1)
$i(e_{k}):\Lambda^{p}arrow\Lambda^{p-1}$ . (4.2)
$\{e_{k}\}_{k}$ I $\mathrm{R}^{n}$ , e , $i(e_{k})$ .
$D$ $x$ .
$d:= \sum_{k=1}^{n}\frac{\partial}{\partial x_{k}}e_{k}\wedge:spqarrow S_{p+1}^{q1}-$ , (4.3)
$d^{*}:=- \sum_{k=1}n\frac{\partial}{\partial x_{k}}i(ek)$ : $S_{p}qarrow S_{p-1}^{q1}-$ , (4.4)
$x_{\wedge}:= \sum X_{k}e_{k}\wedge:s_{p}^{q}k=1arrow S_{p+1}^{q+1}$ , (4.5)
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$i(x):= \sum_{k=1}^{n}X_{k}i(ek):S_{P}^{q}arrow S_{p-1}^{q+1}$ ,
$\square :=dd*+d^{*}d=-\sum_{k=1}^{\uparrow}?\frac{\partial^{2}}{\partial x_{k}^{2}}$ : $S_{p}^{q}arrow S_{p}^{q-2}$ ,
(4.6)
(4.7)
$S^{q}\otimes\Lambda^{p}$ ( $q$ p–form) $S_{p}^{q}$ . , $q$
$p$-form $H^{q}\otimes\Lambda^{p}$ $H_{p}^{q}$ . ,
4.1.
$d^{2}=d^{*2}=(_{X)(X}\wedge 2=i)^{2}=0$ , (4.8)
$dx_{\wedge}+x_{\wedge}d=0$ , $d^{*}i(x)+i(x)d^{*}=0$ , (4.9)
$di(x)+i(x)d=r \frac{\partial}{\partial r}+L’$ , $d^{*}x_{\wedge}+x_{\wedge}d^{*}=-r \frac{\partial}{\partial r}-n+L$ , (4.10)
x\wedge --x\wedge $=-2d$, $\square i(x)-i(x)\square =2d^{*}$ , (4.11)
$\square x_{\wedge}i(x)-x\wedge i(x)\coprod=2x_{\wedge}d^{*}+2i(x)d-2_{\Gamma^{\frac{\partial}{\partial r}}}-2L$ , (4.12)
$\square i(x)x_{\wedge^{-i(X}})x_{\wedge}\square =-2x_{\wedge}d*-2i(x)d-2r\frac{\partial}{\partial r}-2n-2L$ , (4.13)
d=d , $\square$d*=d* (4.14)
$L$ $L:= \sum e_{k\wedge^{i}}(e_{k})$
$f$
.
$L$ $S_{p}^{q}$ $p\cdot id$ .
, $\sum S_{p}^{q}$ :
$(d\psi, \psi’)=(\psi, i(x)\psi’)$ and $(d^{*}\psi, \psi/)=-(\psi, x_{\wedge}\psi’)$ . (4.15)
$d$ $d^{*}$ adjoint , $i(x)$ $-x_{\wedge}$ .
, }$\backslash \backslash \backslash$ . (de Rham complex
for harmonic polynomials) :
$0arrow dH_{0}^{q}arrow^{d}H_{1}^{q-1}arrow d$ .. . $arrow dH_{n}^{q-n}arrow^{d}0$ , (4.16)
$0arrow^{d^{5}}H_{n}^{q}arrow^{d^{*}}H_{n-1}^{q-1}arrow^{d^{*}}$ . . . $arrow d^{*}H_{0}^{q-n}rightarrow d^{*}0$ . (4.17)
,
, . $\psi$ $H_{p}^{q-p}$ $d\psi=0$ .
, $di(x)\psi=q\psi$ $i(x)\psi$ .
i(x)\psi $=(i(x)\square +d^{*})\psi=d^{*}\psi$ . , $H_{p}^{q}$




$0arrow dS_{0}^{q}arrow dS_{1}^{q-1}arrow d$ .. . $arrow^{d}S_{n}^{q-\text{ }}arrow d0$ , (4.18)
$0arrow d\cdot S_{n}^{q}arrow d^{*}S_{n-1}^{q-}1arrow d^{*}$ $...arrow d^{*}S_{0^{-}}^{qn}arrow d^{*}0$, (4.19)
$0arrow x_{\mathrm{A}}S_{0}^{q}arrow x_{\wedge}S_{1}^{q+1}arrow x_{\wedge}$ .. . $arrow x_{\wedge}S_{n}^{q+n}arrow x_{\mathrm{A}}0$ , (4.20)
$0arrow i(x)S_{n}^{q}arrow i(x)S_{n-1}^{q+1}arrow i(x)$ . . . $arrow i(x)S_{0}^{q+n}arrow i(x)0$ . (4.21)
42. 4 .
$\dim \mathrm{k}\mathrm{e}\mathrm{r}_{P}dq=$ for $p\neq 0$ , (4.22)
$\dim \mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}d*=$ for $p\neq n$ , (4.23)
$\dim \mathrm{k}\mathrm{e}\mathrm{r}_{0}^{q}d=$ dim ker: $d^{*}=1$ . (4.24)
$\mathrm{k}\mathrm{e}\mathrm{r}_{q}^{p}d$ $\mathrm{k}\mathrm{e}\mathrm{r}_{q}^{p}d^{*}$ , $d$ $d^{*}$ $S_{q}^{p}$ kernel .
41 . .
43. $q$ $P$ -form $S_{p}^{q}$ :
$S_{p}^{q}=\mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}d\oplus \mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}i(x)$ (4.25)
$=\mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}d^{*}\oplus \mathrm{k}\mathrm{e}\mathrm{r}^{q}xp\wedge$ (4.26)
$=\mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}d\cap \mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}d*\oplus \mathrm{k}\mathrm{e}\mathrm{r}_{p\wedge}^{q}X\oplus \mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}i(x)$. (4.27)













$r^{2}$ . $\mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}i(x)+\mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}x_{\wedge}=\mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}i(x)\oplus \mathrm{k}\mathrm{e}\mathrm{r}_{\mathrm{P}}^{q}x_{\wedge}$
(4.27) .
$\dim \mathrm{k}\mathrm{e}\mathrm{r}_{p}dq\cap \mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}d^{*}=\dim \mathrm{k}\mathrm{e}\mathrm{r}_{p}dq+\dim \mathrm{k}\mathrm{e}\mathrm{r}^{q}pd*-\dim s_{p}^{q}$ (4.31)
. $\blacksquare$
$\mathrm{k}e\mathrm{r}_{p}^{q}d\cap \mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}d^{*}$ ( $H_{p}^{q}$
) . $S_{p}^{q}$ $\mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}x_{\wedge}$ $\mathrm{k}e\mathrm{r}_{p}^{q}i(x)$
.
$\mathrm{k}\mathrm{e}\mathrm{r}_{p^{X}\wedge}^{q}=x_{\wedge}(S_{p}^{q-1}-1)$




$\mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}i(x)=i(x)I_{p+1}^{q}-1\oplus i(x)(\mathrm{k}\mathrm{e}\mathrm{r}-1Xp+1\wedge q)$ . (4.33)
, $i(x)$ $I_{p++1\wedge}^{q-1}1\text{ }\mathrm{k}e\mathrm{r}_{p}^{q1}-x$ . $x_{\wedge}(\mathrm{k}\mathrm{e}\mathrm{r}_{p-1}^{q-}i1(X)),$ $i(x)(\mathrm{k}e\mathrm{r}_{p}^{q}-1X\wedge)+1$
$x_{\wedge}(\mathrm{k}\mathrm{e}\mathrm{r}_{p-1}^{q-}i1(x))=X\wedge i(x)I^{q}p-2\oplus x_{\wedge}i(x)(\mathrm{k}e\mathrm{r}_{p\wedge}-2x)q$ , (4.34)
$i(x)(\mathrm{k}\mathrm{e}\mathrm{r}_{p}-x)q1+1\wedge=i(x)x\wedge I_{p}^{q2}-\oplus i(x)x\wedge(\mathrm{k}\mathrm{e}\mathrm{r}^{q2}-i(px).)$ . (4.35)
,
$S_{p}^{q}=I_{p}^{q}\oplus x_{\wedge}I_{p-}^{q-1}1\oplus i(x)I_{p+1}^{q}-1$
$\oplus x_{\wedge}i(x)I^{q}p-2\oplus i(x)X\wedge^{I_{p}^{q2}}-$ (4.36)
$\oplus x_{\Lambda}i(X)(\mathrm{k}\mathrm{e}\mathrm{r}_{p\wedge}x)q-2\oplus i(x)x_{\wedge}(\mathrm{k}e\mathrm{r}^{q2}-i(px))$.
$I_{p}^{q}\oplus x_{\wedge}I_{p-1}^{q}-1\oplus i(x)I_{p+1}^{q}-1$ . 1




$=r^{2}I_{p}^{q-2}\oplus x_{\wedge}i(x)(\mathrm{k}\mathrm{e}\mathrm{r}_{p\wedge}-2x)q\oplus i(x)x\wedge(\mathrm{k}\mathrm{e}\mathrm{r}^{q2}-i(px))$ ,
. (4.36) (4.37) $x_{\wedge}i(X)(\mathrm{k}\mathrm{e}\mathrm{r}_{p\wedge}^{q-}x)2\oplus i(x)X_{\wedge}(\mathrm{k}\mathrm{e}\mathrm{r}^{q2}-i(px))$




$x_{\wedge}i(x)I^{q}p-2\oplus i(x)x\wedge Ipq-2=h_{\mathrm{p}}^{q-2}I_{p}^{q-2}\oplus r^{2}I_{p}^{q-2}$ . (4.38)
, $h_{p}^{q}$
$h_{p}^{q}:=(q+n-p)x\wedge^{i()}x-(q+p)i(x)x\wedge:S_{p}^{q}arrow S_{p}^{q+2}$ , (4.39)
, $I_{p}^{q}$ , $h_{p}^{q}I_{p}^{q}$ $H_{p}^{q+2}$ .
, $q$ $P$-form $H_{p}^{q}$ .
4.5.
$H_{p}^{q}=\mathrm{k}e\mathrm{r}_{p}^{q}d\cap \mathrm{k}e\mathrm{r}_{p}^{q}d^{*}$
$\oplus x_{\wedge}(\mathrm{k}\mathrm{e}\mathrm{r}_{\mathrm{P}^{-}}-1dq1\cap \mathrm{k}_{\mathrm{e}}\mathrm{r}_{p-1}^{q-1}d^{*})\oplus i(x)(\mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q1}-d+1\cap \mathrm{k}\mathrm{e}\mathrm{r}_{p+}^{q}-1d*1)$ (4.40)
$\oplus h_{p}^{q-2}(\mathrm{k}e\mathrm{r}^{q}-2dp\cap \mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q-2}d^{*})$ .
.
$\mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}d\cap H_{p}^{q}=\mathrm{k}\mathrm{e}\mathrm{r}_{\mathrm{p}}^{q}d\cap \mathrm{k}e\mathrm{r}_{p}^{q}d*\oplus x_{\wedge}(\mathrm{k}\mathrm{e}\mathrm{r}_{p1}^{q-}-d1\cap \mathrm{k}\mathrm{e}\mathrm{r}_{p-}^{q-1}d*)1$
’ (4.41)
$\mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}d^{*}\cap H_{p}^{q}=\mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}d\cap \mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}d^{*}\oplus i(x)(\mathrm{k}\mathrm{e}\mathrm{r}-1dpq+1\cap \mathrm{k}\mathrm{e}\mathrm{r}_{p+}^{q-1}d*)1$. (4.42)
.
Proof. (4.40) . (441) (4.42) . $I_{p}^{q}\oplus x_{\wedge}I_{p-1}^{q}-1$
$\mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}d\cap H_{p}^{q}$ . $\phi$ $\mathrm{k}e\mathrm{r}_{p}^{q}d\cap H_{p}^{q}$ ,
$d^{*}x_{\wedge\emptyset}+x_{\wedge}d^{*}\emptyset=(-q-n+p)\phi$ $d^{*}x_{\wedge\emptyset}$ $I_{p}^{q}$ , $x_{\wedge}d^{*}\phi$ $x_{\wedge}I_{p-1}^{q}-1$





$\mathrm{k}\mathrm{e}\mathrm{r}_{p}^{q}d\cap H_{p}^{q}=I_{p}^{q}\oplus x_{\wedge}I_{p-1}^{q-1}$, (4.43)
$d(H_{p-1}^{q+1})=d(i(X)I_{p}q)\oplus d(h^{q-}p-1p-Iq-111)$ (4.44)
. $d(i(X)I^{q})p=I_{p}^{q}$ $d(hq–1I-1)pp=1q-1x_{\wedge^{I}p}q-1-1$
. . $d^{*}$ . $\blacksquare$
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5
3 , 4 , Spin $(n)$ .






$\mathrm{R}^{n}$ $D$ , $D_{S}$
.
$D_{S}$ : $L^{2}(s^{n-1}, \mathrm{S}(S^{n}-1))arrow L^{2}(s^{n-1}, \mathrm{S}(S^{n}-1))$ . (6.1)
2 ,\mbox{\boldmath $\gamma$} section $\sum H^{q}\otimes$
$W_{n}$ – . $\sum H^{q}\otimes W_{n}$ $D_{S}$
. $D$ $D_{S}$ .
6.1. $L^{2}( \mathrm{S}(S^{2}m))\simeq\sum H^{q}\otimes W_{2m+1}$ $I_{\lrcorner}^{2}( \mathrm{S}(S^{2m}-1))\simeq\sum H^{q}\otimes W_{2m}^{\pm}$
, $D_{S}$ :
$D_{S}= \frac{n-1}{2}+1\leq k<^{\iota}\leq\sum_{n}e_{k}e\iota(x_{k^{\frac{\partial}{\partial x_{I}}-X}}l^{\frac{\partial}{\partial x_{k}})}\cdot$ (6.2)
$n=2m$ ) – “ $e_{k}e_{l}$ $\triangle_{2m*}^{\pm}(e_{k\iota}e)\text{ }$ .
’
$\mathrm{R}^{n}$ $D$ .
$D= \frac{x}{r^{2}}(r\frac{\partial}{\partial r}-Ds+\frac{2m}{2})$ on $\mathrm{R}^{2m+1}$ , (6.3)
$D^{+}= \frac{x^{+}}{r^{2}}(r\frac{\partial}{\partial r}-Ds+\frac{2m-1}{2})$ on $\mathrm{R}^{2m}$ , (6.4)
$D^{-}= \frac{x^{-}}{r^{2}}(r\frac{\partial}{\partial r}-D_{S}+\frac{2m-1}{2})$ on $\mathrm{R}^{2m}$ . (6.5)
, $D_{S}$ . $n=2m+1$
($n=2m$ ) . 3 ,
$L^{2}( \mathrm{S}(S^{2m}))\simeq\sum H^{q}\otimes W_{2m+1}\simeq\sum \mathrm{k}\mathrm{e}\mathrm{r}_{q}D\oplus x\mathrm{k}\mathrm{e}\mathrm{r}_{q-1}$ D. (6.6)
$\phi(x)$ $\mathrm{k}\mathrm{e}\mathrm{r}_{q}D$ , $D_{S}\phi-m\phi=q\phi$ .
$\phi$ $D_{S}$ $q+m$ .
dim ker$qD$ – . $x\mathrm{k}\mathrm{e}\mathrm{r}_{q}D$ $-(q+m)$
.
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